1. Introduction {#sec1}
===============

Cerebral venous thrombosis (CVT) is a rare but potentially devastating condition. CVT has an estimated incidence of 3--4 people per 1 million of the population and a pre-disposition to affect young females [@bib1]. The main stay of treatment for CVT surrounds early recognition, and more recently trials have shown anti-coagulation with heparin either in unfractionated or low molecular weight forms can improve outcome in CVT despite the risk of haemorrhagic transformation [@bib2].

A number of trials compared UH and LMWH in the setting of deep vein thrombosis (DVT) of the legs during the nineties [@bib3], leading to the conclusion that LMWH is a suitable and safer alternative to UH in this cohort of patients. LMWH is now the established gold standard treatment in most units in the United Kingdom for DVT. A similar approach has been emerging in the treatment of CVT; examining LMWH and UH, however no clear consensus appears to have been reached. There are two main issues in terms of identifying if UH or LMWH is superior in the treatment of CVT: 1) the disease is relatively rare making randomised trials with sufficient power difficult 2) the risk of haemorrhagic transformation in CVT have made the use of anti-coagulation controversial in the past [@bib4]. In 2012 a Cochrane review by Coutinho et al. demonstrated that anti-coagulation is safe in CVT, however there remains limited evidence as to which form of anti-coagulation is optimal [@bib5].

LWMH has a number of benefits over UH. LMWH can be given in once or twice daily regimes without the need for activated partial thromboplastin time ratio (APTR) titration or a continuous intravenous infusion that is needed with UH. In addition to this they appear to have a better safety profile reducing the risks of heparin induced thrombocytopenia and bleeding theoretically having the potential to reduce the risk of haemorrhagic transformation [@bib6]. However, LMWH does not provide the rapid onset of action and easy reversibility that is possible with UH.

Therefore we aim to report the results of the first combined systematic review and meta-analysis examining the use of LMWH versus UH in CVT. It is hoped that by compiling a number of trial results that it is possible to suggest which therapy is superior and safer in the treatment of CVT to guide further research and evidence.

2. Methods {#sec2}
==========

This systematic review was conducted in accordance with the PRISMA statement. Pubmed and Google Scholar were searched for the terms "cerebral vein thrombosis" and "heparin" on the 23rd June 2016. References were hand-picked from papers which were read in full text. Inclusion criteria included papers comparing low molecular weight heparin with unfractionated in patients over 18 with CVT diagnosed by MR venography. Prospective studies were permitted to increase the power of the study. Papers not available in full text in English were excluded. Paper identification was undertaken by two independent reviewers AP and AQ and any disagreements were resolved by discussion until agreement was reached.

Outcomes for mortality, functional outcome and both intra-cranial and extra-cranial haemorrhage were analysed. All papers were evaluated for bias. All statistical analysis was undertaken using the Revman^©^ software. If heterogeneity is low a fixed effects analysis will be used, if the results are varied a random effects analysis will be deemed more appropriate. Statistical significance is set at p = 0.05.

3. Results {#sec3}
==========

A total of 2761 non-duplicate papers were retrieved from our initial search. 74 abstracts were screened, with 5 papers were read in full text. Three papers were suitable for analysis published between 2010 and 2015 [@bib7], [@bib8], [@bib9]; 1 prospective cohort study and two randomized controlled trials *(see* [Fig. 1](#fig1){ref-type="fig"} *for the search strategy protocol)*. In total 179 patients were treated with LMWH and 352 patients were treated in UH group *(see* [Table 1](#tbl1){ref-type="table"} *for the study characteristics).* Two papers favoured the use of LMWH and one was equivalent.

3.1. Mortality {#sec3.1}
--------------

All three studies were included for mortality analysis. Mortality was higher in the UH group in two of the studies and equivalent in the other. Meta-analysis of the data showed an OR \[95% CI\] of 0.51 \[0.23, 1.10\], p = 0.09 favouring LMWH *(*[Fig. 2](#fig2){ref-type="fig"}*)*.

3.2. Functional outcome {#sec3.2}
-----------------------

Afshari et al., were excluded for this part of the analysis as the data given was the average Modified Rankin Score (MRS) with standard deviations. The number of patients who did not make a complete functional recovery (demonstrated by and Barthel Index of 20/20 or a MRS of 0 was evaluated in both papers. Both studies demonstrate fewer incomplete recoveries in the LMWH however again this did not reach significance with a OR \[95% CI\] of 0.79 \[0.49, 1.26\] p = 0.32.

3.3. Complications {#sec3.3}
------------------

Rates of new intra-cranial haemorrhage were not included in the meta-analysis data as Misra et al. did not explicitly state the number of new intra-cranial haemorrhages in either group and there were no intra-cranial haemorrhages reported by Afshari et al. (2015). Coutinho et al. (2010) reported 10% and 16% new intra-cranial haemorrhages in the LMWH and UH groups respectively. All three papers reported rates of extra-cranial haemorrhages and these were all included for meta-analysis. There was no difference between the two groups in terms of overall extra-cranial haemorrhage events with a OR \[95% CI\] of 1.00 \[0.29, 3.52\] p = 0.99.

3.4. Bias and blinding {#sec3.4}
----------------------

Only one trial was a randomized double-blind trial. The other trial whilst randomized was not blinded and the largest study of the three was a prospective cohort. All study outcomes were reported in full. Afshari et al. demonstrated the largest levels of patients lost to follow up, accounting for 18% of the total cohort.

4. Discussion {#sec4}
=============

Low molecular weight heparin is rapidly overtaking unfractionated heparin as the anti-coagulant of choice in a number of thromboembolic diseases [@bib10]. Volatility, expensiveness, and resource burden mean that UH is often a second line choice in such conditions. However, cerebral venous thrombosis remains a condition where there is no agreed anti-coagulant regime and both LMWH and UH are both commonly used with no concrete guidance as to which anti-coagulant is preferable. Therefore we report the results of the first meta-analysis comparing LMWH and UH in the treatment of CVT.

While we show trends towards improved mortality and functional outcomes in patients receiving LMWH with a relatively equivalent safety profile, any conclusions attempted to be drawn are significantly impeded by the limited number of studies on the subject. This is reflected in the inability to reach statistical significance for the differences seen in favour of LMWH for mortality and independence at long term follow up. Despite rigorous searches only a total 3 studies were able to be included with a total of 179 and 352 patients in the LMWH and UH groups respectively; a prospective cohort sub-set analysis, and two randomized controlled trials. Of the two trials only one attempted blinding investigators and patients, potentially weakening the strength of any conclusions (see [Table 2](#tbl2){ref-type="table"}).

One of the key results from this meta-analysis is the finding that LMWH suggests to confer with an improved mortality in patients with CVT. In most of the trials much of the mortality associated with either of these treatments was on a background of haemorrhagic infarction which is associated with a poorer prognosis. Misra et al., showed that 6 patients in the UH group died as opposed to 0 in the LMWH. All patients who died had haemorrhagic infarction. It is not stated how many patients had haemorrhagic infarction in the two groups at presentation, however this may suggest that LMWH is safer in patients who have haemorrhagic infarction as opposed to showing that it is a superior anti-coagulant overall.

5. Conclusion {#sec5}
=============

While the results of this meta-analysis suggest that LMWH displays trends towards lower mortality and improved functional outcome no statistical significance was reached likely due to the small number of studies available for inclusion. There was no evidence to suggest that LMWH is unsafe or increases the rate of haemorrhage in CVT. At best LMWH offers benefits in terms of outcomes over UH, at worst it is an equivalent but more convenient and more economic therapy in CVT. Ultimately, there is a need for further large scale randomized, effectively blinded trials comparing LMWH and UH and the fact that there is existing literature on this topic should not be off putting to future researchers looking to investigate this.
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Flow-chart depicting search strategy. 2761 non-duplicate papers were reviewed, with three studies undergoing final selection for inclusion.

Table 1

  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Paper (Location)        Study design                                                     Numbers   Anti-coagulation regime   Outcomes measured                                                                                                       Favours?                                                                                                                                                                                     
  ----------------------- ---------------------------------------------------------------- --------- ------------------------- ----------------------------------------------------------------------------------------------------------------------- -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ------------
  Coutinho et al., 2010   Nonrandomized comparison of a prospective cohort study (ISCVT)   119       302                       Worldwide cohort study -- the LMWH or UH protocol was conducted as per local protocol                                   **Primary Outcome**: MRS at 6 months\                                                                                                                                                        LMWH
                                                                                                                                                                                                                                                       **Secondary Outcomes**: Clinical worsening\                                                                                                                                                  
                                                                                                                                                                                                                                                       Extracranial haemorrhage, New Intracranial haemorrhage                                                                                                                                       

  Misra et al., 2012\     Randomized control trial (Non-blinded)                           34        32                        **LMWH**: Delteparin 100 units/kg subcutaneous twice daily.\                                                            **Primary Outcome**: In-hospital mortality\                                                                                                                                                  LMWH
  (India)                                                                                                                      **UH**: Loading dose of 80 units/kg bolus followed by 18 units/kg/hour to maintain and APTT of 1.5--2.5 for 14 days.\   **Secondary Outcome**: Barthel Index at 3 months                                                                                                                                             
                                                                                                                               Patients were then converted to oral anticoagulation (acenocoumarol) for 6 months or more depending on cause.                                                                                                                                                                                                        

  Afshari et al., 2015\   Randomized double blind trial                                    26        18                        **LMWH**: Enoxaparin 1 mg/kg subcutaneously twice a day\                                                                **Primary Outcome**: In-hospital mortality and neurological deficit assessed by the NIHSS at time of discharge and at one month.\                                                            Equivalent
  (Iran)                                                                                                                       **UH**: Loading dose of 80 units/kg followed by 18 units/kg/hour to maintain and aPTT of 65--85 s.\                     **Secondary Outcome**: Modified Rankin Scale at 30 day follow up, haemorrhagic complications (symptomatic intracranial haemorrhage requiring re-imaging or major extracranial haemorrhage)   
                                                                                                                               Patients received 7--10 days of anti-coagulation and then were converted to oral anti-coagulation for 6 months.                                                                                                                                                                                                      
  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

###### 

Bias and blinding.

Table 2

  Paper                    Randomization technique                                                   Participants blinded                                        Investigators blinded                                                                                                                                                                                          Outcome reporting                                          Attrition bias
  ------------------------ ------------------------------------------------------------------------- ----------------------------------------------------------- -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ---------------------------------------------------------- -------------------------------------------------------------------------------------------------------------------------------
  Coutinho et al. (2010)   Non-randomized                                                            No blinding                                                 No blinding                                                                                                                                                                                                    Both primary and secondary outcomes were reported fully.   11 patients were lost to follow up in the LMWH group. 25 patients were lost to follow up in UH group. 9% and 8% respectively.
  Misra et al. (2012)      Computer generated number allocation was used to randomize the patients   Participants were not blinded                               Investigators were not blinded                                                                                                                                                                                 Both primary and secondary outcomes were reported fully.   1 patient lost to follow up in UH group
  Afshari et al. (2015)    Computer generated number allocation was used to randomize patients.      Pre-printed medication codes were used to blind patients.   Investigators were blinded using pre-printed medication codes (However it is not stated whether blinding between IV and SC routes occurred). Treatment and evaluation was undertaken by different personnel.   Both primary and secondary outcomes were reported fully.   8 patients were lost to follow up
